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* notices * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The spin device characterized by having a semi-conductor substrate and the ferromagnetic thin line which was formed on 
this semi-conductor substrate, and which has the magnetic anisotropy of one shaft. 

[Claim 2] Said ferromagnetic thin line is a spin device according to claim 1 characterized by presenting single domain structure. 
[Claim 3] Said semi-conductor substrate and said ferromagnetic thin line are a spin device according to claim 1 or 2 characterized by 
forming ohmic contact. 

[Claim 4] Said semi-conductor substrate is a spin device according to claim 1 to 3 characterized by consisting of groups III-V 
semiconducter. 

[Claim 5] Said semi-conductor substrate is a spin device according to claim 4 characterized by consisting of InAs(es). 

[Claim 6] Said ferromagnetic thin line is a spin device according to claim 1 to 5 characterized by consisting of ferromagnetic transition 

metals. 

[Claim 7] The spin device according to claim 4 to 6 characterized by the width of face of said ferromagnetic thin line being 0.2-3 
micrometers. 

[Claim 8] The spin device according to claim 7 characterized by the die length of said ferromagnetic thin line being 1 -4000 
micrometers. 

[Claim 9] The spin device according to claim 7 or 8 characterized by the height of said ferromagnetic thin line being 10-100nm. 
[Claim 1 0] The spin device according to claim 7 to 9 characterized by the pitch between said two or more ferromagnetic thin lines 
being 0.4-6 micrometers while having said two or more ferromagnetic thin lines. 

[Claim 1 1] The spin device according to claim 1 to 10 characterized by having a cap layer on said ferromagnetic thin line. 
[Claim 12] The manufacture approach of the spin device which is the manufacture approach of a spin device equipped with a semi- 
conductor substrate and the ferromagnetic thin line which was formed on this semi-conductor substrate, and which has the magnetic 
anisotropy of one shaft, and is characterized by forming said ferromagnetic thin line from said ferromagnetic thin film by forming a 
ferromagnetic thin film through this mask pattern, and carrying out lift off of said mask pattern after forming a predetermined mask 
pattern on said semi-conductor substrate. 

[Claim 13] The manufacture approach of the spin device which is the manufacture approach of a spin device equipped with a semi- 
conductor substrate and the ferromagnetic thin line which was formed on this semi-conductor substrate, and which has the magnetic 
anisotropy of one shaft, and is characterized by to form said ferromagnetic thin line from said ferromagnetic thin film by forming a 
predetermined mask pattern on this ferromagnetic thin film, and carrying out milling processing of said ferromagnetic thin film 
through this mask pattern after forming a ferromagnetic thin film uniformly on said semi-conductor substrate. 
[Claim 14] Said ferromagnetic thin film is the manufacture approach of the spin device according to claim 12 or 13 characterized by 
forming using the MBE method. 



[Translation done.] 
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DETAILED DESCRIPTION 

petailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the spin device which can be used it is detailed and suitable for a spin memory device, 
a spin transistor, a magnetometric sensor, an optical isolator, etc., and its manufacture approach about a spin device and its 
manufacture approach. 
[0002] 

Pescription of the Prior Art] New spin devices, such as a spin transistor and a spin memory device, are proposed. This spin device is 
presenting fundamentally the structure where the ferromagnetic thin film was formed on the semi-conductor substrate, pours in the 
electron which carried out spin polarization from said ferromagnetic thin film to said semi-conductor substrate, and performs storage 
or magnification using that spin state. 

[0003] Although various reports were made about the spin device mentioned above now, the ferromagnetic thin film which has a 
uniform magnetization magnetic domain was not able to be obtained. Consequently, in fact, the electron which carried out spin 
polarization into the semi-conductor substrate could not be poured in, and the spin device with which practical use can be presented 
was not able to be obtained. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the new spin device with which practical use can be 

presented. 

[0005] 

[Means for Solving the Problem] This invention relates to the spin device characterized by having a semi-conductor substrate and the 
ferromagnetic thin line which was formed on this semi-conductor substrate, and which has the magnetic anisotropy of one shaft that 
the above-mentioned purpose should be attained. 

[0006] Moreover, this invention is the manufacture approach of a spin device equipped with a semi-conductor substrate and the 
ferromagnetic thin line which was formed on this semi-conductor substrate and which has the magnetic anisotropy of one shaft. By 
forming a ferromagnetic thin film through this mask pattern, and carrying out lift off of said mask pattern, after forming a 
predetermined mask partem on said semi-conductor substrate It is related with the manufacture approach (the 1st manufacture 
approach) of the spin device characterized by forming said ferromagnetic thin line from said ferromagnetic thin film. 
[0007] Furthermore, this invention was formed on a semi-conductor substrate and this semi-conductor substrate. It is the manufacture 
approach of a spin device equipped with the ferromagnetic thin line which has the magnetic anisotropy of one shaft. By forming a 
predetermined mask pattern on this ferromagnetic thin film, and carrying out milling processing of said ferromagnetic thin film 
through this mask pattern, after forming a ferromagnetic thin film uniformly on said semi-conductor substrate It is related with the 
manufacture approach (the 2nd manufacture approach) of the spin device characterized by forming said ferromagnetic thin line from 
said ferromagnetic thin film. 

[0008] this invention persons inquired wholeheartedly so that they may get the new spin device with which practical use can be 

presented. Consequently, said ferromagnetic thin line found out coming to have the magnetic anisotropy of one shaft by forming a 

ferromagnetic thin line on a semi-conductor substrate at predetermined magnitude according to not a ferromagnetic thin film like 

before but the 1st manufacture approach of this invention mentioned above, or the 2nd manufacture approach. 

[0009] Therefore, offer of the spin device with which can actually pour in now the electron from said ferromagnetic thin line to said 

semi-conductor substrate which carried out spin polarization, consequently practical use can be presented is enabled. 

[0010] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail based on the gestalt of implementation of invention. 
Drawing 1 is the perspective view showing the configuration of the spin device of this invention roughly. In addition, that explanation 
should be made easy, the dimension of each part, the number of ferromagnetic thin lines, etc. are indicated, as it differed from the 
actual thing. 

[001 1] The spin device 3 shown in drawing 1 consists of a semi-conductor substrate 1 and two or more ferromagnetic thin lines 2 
formed on this semi-conductor substrate 1. This ferromagnetic thin line 2 needs to have uniaxial anisotropy so that it may perform 
electron injection which carried out spin polarization to the semi-conductor substrate 1 . Moreover, as for the ferromagnetic thin line 2, 
it is desirable to have single domain structure that the electron which carried out spin polarization more regularly should be poured in. 
[0012] Moreover, as for the semi-conductor substrate 1 and the ferromagnetic thin line 2, it is desirable to form ohmic contact in those 
contact surfaces. If a semi-conductor metallurgy group etc. generally contacts and joins together, the association will turn into shot key 
association, and the Schottky barrier will come to produce it in both interface. When such the Schottky barrier is formed, the 
ferromagnetic thin line which has the magnetic anisotropy of one shaft even if is formed on a semi-conductor substrate, and even if it 
suits the condition that the electron which carried out spin polarization can be poured in, it is because the electron injection to said 
semi-conductor substrate may become difficult with said Schottky barrier. 

[0013] As long as it has a property which the spin device of this invention mentioned above, especially the class of ingredient which 
constitutes the semi-conductor substrate 1 and the ferromagnetic thin line 2 is not limited. However, as for the semi-conductor 
substrate 1, it is desirable to consist of groups III-V semiconducter. 

[0014] the desirable voice of the manufacture approach of this invention described below to up to the semi-conductor substrate 1 
which consists of such groups III-V semiconducter — the ferromagnetic thin film which follows like and constitutes the ferromagnetic 
thin line 2 - MBE - epitaxial growth can be simply carried out by law. Therefore, formation of the energy level resulting from an 
impurity, grid mismatching, etc. in an interface of the semi-conductor substrate 1 and the ferromagnetic thin line 2 can be prevented, 
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and electron injection from the ferromagnetic thin line 2 to the semi-conductor substrate 1 can be performed more simply. 
[0015] Moreover, since it has a big spin orbit interaction, when a group III-V semiconducter pours in the electron which carried out 
spin polarization, he can control the spin polarization condition of said electron good, and can maintain it. Furthermore, since the 
tunnel effect through said Schottky barrier arises when the Schottky barrier is formed between the semi-conductor substrate 1 and the 
ferromagnetic thin line 2, as mentioned above, electron injection from the ferromagnetic thin line 2 to the semi-conductor substrate 1 
can be performed simply. 

[0016] GaAs, InAs, and InGaAs can be illustrated as such a group III-V semiconducter. Since formation of the energy level which 
originated in the excessive impurity especially in the interface with the ferromagnetic thin line 2 can be controlled, InAs is desirable. 
[0017] Moreover, although the ferromagnetic thin line 2 can be constituted from various ferromagnetic materials, it is desirable 
preferably to constitute from ferromagnetic transition metals, such as Fe, Co, and nickel. Since these ingredients have big 
magnetization in a room temperature, they can contain so much the electron which carried out spin polarization, and can pour in so 
much the electron which carried out spin polarization into the semi-conductor substrate. 

[0018] When it constitutes from a group III-V semiconducter who mentioned the semi-conductor substrate 1 above and constitutes 
from ferromagnetic transition metals which mentioned the ferromagnetic thin line 2 above, 0.2-3 micrometers of width of face W of 
the ferromagnetic thin line 2 are preferably formed in 0.5-2 micrometers. By this, the magnetic anisotropy of one shaft can be simply 
produced in ferromagnetic 2 thin line. 

[0019] Moreover, when the width of face W of the ferromagnetic thin line 2 is set up as mentioned above, as for die-length L of a 
ferromagnetic thin line, it is desirable that it is 1-4000 micrometers, and it is desirable that it is further 2-20 micrometers. By this, the 
magnetic anisotropy of one shaft can be more simply formed into the ferromagnetic thin line 2. 

[0020] Since it is the same, as for height h of the ferromagnetic thin line 2, it is desirable that it is 10-100nm, and it is desirable that it 
is further 30-50 micrometers. 

[0021] When it constitutes from a group III-V semiconducter who mentioned the semi-conductor substrate 1 above and being 
constituted from ferromagnetic transition metals which mentioned the ferromagnetic thin line 2 above, while being able to make the 
ferromagnetic thin line 2 into single domain structure by adjusting suitably the formation conditions and magnitude of the 
ferromagnetic thin line 2, ohmic KONTAKU can be formed between the semi-conductor substrate 1 and the ferromagnetic thin line 2. 
[0022] moreover, the interference from the adjoining ferromagnetic thin line 2 — preventing — the electron injection from the 
ferromagnetic thin line 2 — efficiency — oh, it is desirable that pitch P between the ferromagnetic thin lines 2 is 0.4-6 micrometers, and 
it is desirable that it is further 1-4 micrometers in order to close. 

[0023] the spin device 3 shown in drawing 1 -- as a device -- efficiency — oh, it has two or more ferromagnetic thin lines 2 in order to 
close. In this case, arbitration can be made to control the number of the ferromagnetic thin lines 2 according to the purpose. Moreover, 
a single ferromagnetic thin line can also be formed and constituted on the semi-conductor substrate 1 . 

[0024] Moreover, a cap layer can also be prepared on this ferromagnetic thin line 2 that oxidation of the ferromagnetic thin line 2 
should be prevented. A cap layer can consist of Au(s) which have high corrosion resistance, for example. 

[0025] Formation of the ferromagnetic thin line to a semi-conductor substrate is performed by [ as being the following ]. As the 1st 
manufacture approach, the technique of a photolithography is used on the semi-conductor substrate 1, and the mask pattern with which 
the pattern equivalent to the ferromagnetic thin line 2 which should be formed was formed is formed. Then, the ferromagnetic thin line 
2 made into the purpose is obtained by forming a ferromagnetic thin film through said mask pattern, and carrying out lift off of said 
mask pattern. 

[0026] As the 2nd manufacture approach, after forming a ferromagnetic thin film uniformly on the semi-conductor substrate 1, the 
mask pattern with which the technique of a photolithography was used and the pattern equivalent to the ferromagnetic thin line 2 
which should be formed was formed on said ferromagnetic thin film is formed. Then, the ferromagnetic thin line 2 made into the 
purpose is obtained by performing milling processing using argon ion etc. and carrying out etching removal of the part which said 
ferromagnetic thin film exposed through said mask pattern. 

[0027] the above — also in which approach, it faces producing the ferromagnetic thin line 2, and the formation process of a 
ferromagnetic thin film is included as indispensable requirements. A ferromagnetic thin film can be formed using the well-known 
physical thin film formation approaches, such as the sputtering method and vacuum deposition. However, epitaxial growth is 
preferably carried out on said semi-conductor substrate using the MBE method. 

[0028] In this case, since formation of the excessive energy level which originated in an impurity or grid mismatching between the 
semi-conductor substrate 1 and the ferromagnetic thin line 2 is controlled as mentioned above, electron injection from the 
ferromagnetic thin line 2 to the semi-conductor substrate 1 can be performed more efficiently. Moreover, since the MBE method is 
used in the state of an ultra-high vacuum, formation of the energy level resulting from an impurity etc. is controlled more effectively. 
In addition, a ferromagnetic thin film is formed in the height of the ferromagnetic thin line made into the purpose at the thickness of 10 
inall-lOOnm. 

[0029] Furthermore, after forming the ferromagnetic thin line mentioned above when a cap layer was prepared, as said ferromagnetic 

thin line is covered, said cap layer is formed using the well-known membrane formation approach. 

[0030] 

[Example] In this example, as shown in drawing 1 , the spin device with which two or more ferromagnetic thin lines 2 were formed on 
the semi-conductor substrate 1 was produced, as the semi-conductor substrate 1 (100) - an InAs substrate - using - this substrate top 
— Fe thin film - MBE - it formed in 30nm in thickness by carrying out epitaxial growth at the temperature of 23 degrees C using law. 
In addition, the initial degree of vacuum at this time was 3x 1 0 - 8 or less Pa, and the epitaxial growth rate was a part for 0.3nm/. 
[0031] Subsequently, by using the technique of a photolithography, forming a predetermined mask pattern on said Fe thin film, and 
carrying out etching removal of the exposed part of said Fe thin film by milling processing using argon ion through this mask pattern, 
two or more Fe ferromagnetism thin lines 2 whose width of face W is 2 micrometers were formed so that a pitch P might be set to 4 
micrometers. Subsequently, Au cap layer was formed in 3nm in thickness that oxidation of Fe ferromagnetism thin line 2 should be 
prevented. 

[0032] Thus, when the magnetic properties of obtained Fe ferromagnetism thin line 2 were investigated, it became clear that it had an 
easy axis in <001> (longitudinal direction of Fe ferromagnetism thin line 2). In addition, the coercive force in the direction of an easy 
axis was about 1 00 Oe(s). 

[0033] Moreover, when the electrical potential difference was impressed between Fe ferromagnetism thin line 2 and the InAs (100) 
substrate 1 and the IV property was investigated, along with the change in an electrical potential difference V, Current I was 
fluctuated-like proportionally and it was checked that electron injection which carried out spin polarization from Fe ferromagnetism 
thin line 2 to the InAs substrate 1 (100) is performed good. Moreover, since there was almost no measurement temperature 
dependence of IV property, it was checked between Fe ferromagnetism thin line 2 and the InAs (100) substrate 1 that good ohmic 
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contact is formed, without forming the Schottky barrier. 

[0034] As mentioned above, although this invention has been explained to a detail based on the gestalt of implementation of invention, 
giving an example, unless it is not limited to the above-mentioned contents and deviates from the criteria of this invention, all 
deformation and modification are possible for this invention. 



[Effect of the Invention] As explained above, the spin device of this invention takes the completely new configuration of having the 
ferromagnetic thin line which has the magnetic anisotropy of one shaft on a semi-conductor substrate, and enables practical 
impregnation of an electron from said ferromagnetic thin line to the inside of said semi-conductor substrate which carried out spin 
polarization by this. Therefore, according to this invention, the spin device with which practical use of a spin memory device, a spin 
transistor, etc. can be presented can be offered. 



[Translation done.] 



[0035] 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the configuration of the spin device of this invention roughly. 
[Description of Notations] 

1 Semi-conductor Substrate 

2 Ferromagnetic Thin Line 

3 Spin Device 



[Translation done.] 
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[0020] H«^ffii*»^> s 9HflBH£fftR2 c7)«$ hJi 
10~10 0nm-CM;t#»iK. 8«»fc«3 0 
- 5 0 m X S> h Z b tfft 4 L V ^. 

[002 1] ^tf^l^J^Lfclll-VgHfr^fc 
*«flc*»6ail«U ttflMSBtt2»±jSL^SftBH£B» 

AK*»*.«jRLfc«^fc*jv>T. mmfflm2co&mak 
frs.tx^# $ tasjcsww* £ b £4 -> r . mmm 

&2&MW.E.imb-t&ZbtfXZZbbi>tz. 

mm i bmm.m&iSL2 bomiz*- svpayftzB 

m-ZZbifiXSt. 

[0 0 22] 4fe, P«-y-S3tlSSSfflliS2*^£7> : F#Sr 

R&ifc lt . &mim& 2frb<7M=?&xzm$>*i t> l#> 

%LW&MW.2mcOVv1-i&PtfO. 4^6vm 
X'h&ZbW1$&L<. ZhlZitl—AumX'hhZb 
*<»4LV>. 

[ 0 0 2 3 ] m 1 t^-Xe^-rW X 3 (4 , xA-f X 
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mzMwmth z t h . t . i ±t 

-5.. 

[0024] 4fc, 3g58tf^i§i20i!fc£Kit-f^< . 
[0025] ^*3S«^aH8ttiffl&om{i „ ar 

m±iz. 7*hvv7?7 <<7)&ffizm^x. mm- 
^mmmm2 izm^-rt^-yamm^it^x 

itLxmmmmzB&L. mi-?*? n*-y* v? 
b*y-?&ztiz£^x. mmt-thmmmm2m% 

&i>cr>X'$>&. 

[0026] &2cVgmjjmtLXii. ¥#ftS«[l± 

izmmimm-mz&j&Lt:&. mt®mmm± 

mmm2\,zm%-t&j*?->jmfozixrz-?x? 
->*mm-&. %<m.. m^x^^-y^n-v 

-fzzkiz£-?x. Bwt-?&mmmm2£mi>cr> 
x'$>Zo 

[0027] ±IBV vfft^fttcisv >T t . SftBHHBlt 

[00 28] £<0*£Ct5Vvni, HUJ:^:, ¥ 
1 i: !M8tttttft 2 fc oStc^^^^FS^- 

#>iz „ %>m\m® 2 frt>*mftmL 1 ^s^&a £ ± 

SWtfflnMiSftft. ^i^&^fcigHLfcx*^ 
- 1 0 0 n mCOM $ izBf&t £ . 

[0029] s^tc. ^^•yym^thm^iza^x 
*fflwt. m&&mmmzmo£oizLxmm**v 

[0030] 

m#m®. i ±iz«!ftoDaiflM£«ft 2 tffiti&tvrzx v> 
*mtomm.itvx (ioo) i 



S-fflv>T?aK2 Sttxe «r b lz 

«fc 9 » J¥£ 3 0 nm(C»jft tfc. =5r*5. I<7)^)W 
2gli3 X 1 0- 8 p aOTT'J) 0. Xf ^S^/Wffc 
£3&£ti0. 3nm/m^<:. 

[0031] &wt\ imef emm±iz. :? * h; y ^ 

Z<7)-?X?'*?-y$:jYLXimF eBmcomtii&ftZ 

r/uxy J * y v mz 5 y yrmmz x -> n •/ + y 

2ZK-yi-Ptf4umb%&£ot l Zim&f&Lt:. 

x\ Fe&®mm2oM{t*ffi±-?'«. a u ^ 7 
rmzmz 3 nmcmu. 

[0032] C!OJ:otcLT#^Fe^14iNffi^2cO® 
SMtttSrH"^ <00 1> (Fe§S©ttiffl^2 

is. Sa^^S**fttCtJftS«a*(±K»l OOOet* 

[003 3] £fz. Fem&&Mm2t (100) In 

asssi t^mizmmzmnLx . *«oiv»tt*n 
*vztci*>. m&vnmmz-^ixxwm. i hitmmzm 

ML. F eimmm2frt > (IOO) I nAsStl 

izftbxx vymmbt:m : ?i£Kip&mzm?tix^& 

Mt^^Ztii-h. Fe*m.Wm2k (100) 
I nAslSl b<Dmzlt^a >y h=>f-|^Sii^§n 
■?IZ. $m%*-$-y?=iy?? bW&J&ZtlX^ZZ 

[0034] oil. nfrmmf %&t>$me>m&cm 
mizm-j^x*mizptmizmw lx # 

[00351 

T'fcl.. Ltztfi-oX. *&yUz£tti£. ^ey^t'Jf 
X%hx\z y=ftM x ZW&r? h ZbtfX'Zh. 

[an *m&x t xcoffi&z mm&iz^ 
i 

2 mw&m 

3 xeyfA'^ 
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